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Introduction: 


This  project  focuses  on  the  genetic  analysis  of  circulating  hormone  refractory  prostate 
cancer  micrometastases  focusing  on  the  mechanisms  of  chemotherapy  resistance. 
Metastatic  tissue  for  research  is  difficult  to  obtain  in  hormone  refractory  prostate  cancer 
(HRPC),  as  most  metastatic  sites  are  not  conducive  to  biopsy.  However,  circulating 
tumor  cells  (CTC’s)  have  been  found  in  high  numbers  in  patients  with  metastatic  HRPC. 
CTC’s  represent  an  untapped  resource  for  studying  metastatic  prostate  cancer.  These  cells 
are  easily  accessible  in  the  peripheral  blood.  We  have  previously  demonstrated  that 
circulating  epithelial  tumor  cells  are  found  in  peripheral  blood  of  metastatic  HRPC 
patients  at  a  mean  concentration  of  1 10  cells/mL.  The  detection  of  these  cells  and  their 
isolation  will  allow  new  research  to  be  conducted  into  the  nature  of  advanced  hormone 
refractory  prostate  cancer.  The  purpose  of  this  research  is  to  detect  genetic  alterations  that 
occur  during  the  development  of  chemotherapy  resistance,  to  give  insight  into  the 
mechanisms  behind  this  resistance,  and  determine  potential  therapeutic  strategies  to 
combat  it.  In  addition,  we  have  examined  the  prognostic  implication  of  CTC  number 
upon  survival  in  patients  receiving  chemotherapy  for  HRPC.  This  report  will  summarize 
the  progress  on  this  grant  and  the  challenges  and  obstacles  that  have  arisen  and  how  they 
will  be  overcome. 
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Body: 


Tasks  1,2:  Isolation  and  characterization  of  circulating  micrometastases  of 
chemotherapy  naive  and  chemotherapy  resistant  HRPC. 

The  departure  of  a  key  collaborator  has  provided  a  challenge  to  the  conduct  of  this  grant. 
Christopher  Haqq,  the  collaborator  who  had  been  identified  to  perform  the  microarray 
analysis,  left  UCSF  for  a  position  in  the  pharmaceutical  industry  in  early  2005.  As  a 
result,  his  laboratory  and  expertise  were  unavailable.  As  the  genetic  analysis  of  these 
tumors  was  essential  to  carrying  out  this  grant,  alternative  collaborators  have  been 
identified.  Pamela  Paris,  PhD,  a  senior  postdoctoral  fellow,  and  Colin  Collins,  one  of  the 
principal  investigators  on  the  UCSF  Prostate  Cancer  Spore  and  an  expert  in 
oncogenomics,  have  developed  techniques  to  amplify  small  amounts  of  DNA  extracted 
from  circulating  tumor  cells.  Dr.  Paris  has  developed  a  collaboration  with  Dr.  Wen-Tien 
Chen  at  the  State  University  of  New  York,  Stonybrook,  and  Vitatex,  Inc.,  to  isolate  the 
circulating  tumor  cells  using  a  novel  method  based  on  the  adhesion  of  these  cells  to  a 
cell-adhesion  matrix  (CAM).  Dr.  Chen  has  developed  a  novel  cell  separation  technology 
based  on  preferential  adhesion  of  tumor  cells  to  cell  adhesion  matrix  (CAM)  coated 
surfaces.  Viable  tumor  cells  attach  to  CAM  with  great  avidity,  but  normal  cells 
(including  more  than  99.9%  of  white  cells  and  99.9999%  of  red  cells)  and  dead  or  dying 
tumor  cells  do  not.  When  the  CAM  is  prepared  using  fluorescently  labeled  collagen,  the 
invasive  tumor  cells  become  labeled,  since  they  exhibit  a  propensity  to  bind  and  ingest 
collagen.  In  contrast,  normal  cells  leave  the  CAM  undisturbed.  Immunocytochemistry 
and  real-time  RT-PCR  using  multiple  epithelial/tumor  associated  cell  lineage  markers 
have  been  used  to  validate  the  CAM-recovered  cells  from  blood  as  circulating  tumor 
cells.  CAM  recovered  cells  are  viable  based  on  Molecular  Probes  LIVE/DEAD  Viability 
testing.  In  preliminary  work  done  at  SUNY  Stonybrook,  blood  from  125  patients  with 
metastatic  cancer  was  collected  and  analyzed  using  the  CAM  technique.  In  these 
specimens,  approximately  lxl06-fold  enrichment  of  viable  human  tumor  cells  can  be 
achieved  in  a  single  step.  Tumor  cells  were  identified  with  multiple  criteria  as  viable 
circulating  tumor  cells,  including  by  epithelial/tumor  markers,  uptake  of  CAM  fragments, 
and  nucleic  acid  dyes.  Current  assays  have  successfully  detected  viable  tumor  cells  in 
blood  samples  from  patients  with  prostate  cancer.  The  CAM  technique  is  highly  specific, 
as  no  healthy  donors  and  patients  with  inflammatory  lung  diseases  have  yielded  a  (false) 
positive  result.  Cell  separation  based  on  preferential  adhesion  of  tumor  cells  to  CAM 
coated  surfaces  will  be  used  to  detect  circulating  HRPC  cells  from  chemotherapy  naive 
and  chemotherapy  refractory  patients. 

Once  a  specimen  has  been  processed  for  CTC  isolation  using  the  CAM  technology,  DNA 
will  be  extracted  from  the  CTC’s  that  is  suitable  for  use  with  array  comparative  genomic 
hybridization  (aCGH)  technology.  Blood  will  be  drawn  at  UCSF  from  72  patients  with 
chemotherapy  naive  hormone  refractory  prostate  cancer  who  are  being  enrolled  on  UCSF 
04557,  “A  Phase  I/II  Study  of  Docetaxel/Prednisone  and  PTK787/ZK222584  in 
Previously  Untreated  Metastatic  Hormone  Refractory  Prostate  Cancer,”  and  35  patients 
with  chemotherapy-refractory  hormone  refractory  prostate  cancer  enrolled  on  UCSF 
055513,  “Phase  I/II  Trial  of  Epothilone  Analog  BMS-247550  (Ixabepilone), 
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Mitoxantrone,  and  Prednisone  in  Hormone  Refractory  Prostate  Cancer  Patients 
Previously  Treated  with  Chemotherapy.”  For  each  patient,  20  ml  of  anti-coagulated  blood 
will  be  routinely  collected  and  then  4  ml  aliquoted  into  ~  5  Vitatex  Vita-Cap  tubes.  The 
Vita-Cap  tubes  will  be  rotated  at  10  rpm  for  1-3  hrs  at  37C,  and  then  shipped  overnight  in 
a  thermos  (to  prevent  freezing)  to  VitaTex.  VitaTex  will  perform  the  cell  isolation  and 
ship  the  cells  to  Dr.  Paris.  She  will  use  the  Promega  Wizard  Kit  to  extract  the  DNA  from 
the  cells.  This  kit  is  routinely  used  in  her  lab  to  isolate  DNA  from  cultured  cells  for  use 
with  array  comparative  genomic  hybridization  (aCGH).  The  CTC  DNA  quality  will  be 
visualized  by  gel  chromatography  and  quantitated  by  a  Nano-drop  uv-vis.  If  DNA  of 
suitable  quality  (high  molecular  weight)  and  quantity  (1  ug)  are  obtained,  aCGH  will  be 
performed.  If  the  yield  is  less  than  a  microgram,  linear  amplification  will  be  employed. 
Dr.  Paris  is  currently  optimizing  amplification  methods  for  aCGH  as  part  of  the  UCSF 
prostate  SPORE  program.  As  the  collaborators  for  this  grant  have  changed,  collection  of 
CTC’s  for  genetic  analysis  has  been  delayed.  However,  at  this  time,  samples  from  two 
patients  have  undergone  the  Vitatex  isolation  protocol  and  the  DNA  is  being  prepared  for 
aCGH,  and  we  are  anticipating  further  patients  be  accrued  in  the  near  future. 

Quantitating  CTCs  in  the  blood  of  patients  with  prostate  cancer  has  not  previously  proven 
prognostic.  As  part  of  the  work  on  this  grant  evaluating  the  importance  of  CTC’s  in 
HRPC,  Dr.  Rosenberg  has  been  working  with  Dr.  John  Park  and  Dr.  Jorge  Garcia  to 
determine  whether  the  numbers  of  circulating  tumor  cells  carries  prognostic  significance 
in  patients  with  metastatic  HRPC.  This  research  has  been  developed  into  a  manuscript 
that  is  in  its  final  stages  of  preparation  for  journal  submission.  In  this  manuscript,  we 
report  the  results  of  a  retrospective  pilot  analysis  that  evaluated  HRPC  patients 
undergoing  cytotoxic  therapy  to  determine  the  utility  and  feasibility  of  CTC  analysis  in 
the  detection  of  CTC’s,  their  change  over  time,  and  to  assess  whether  or  not  the  presence 
and  number  of  CTC’s  identified  by  FACS  analysis  was  a  predictor  of  outcome  in  men 
with  HRPC.  This  was  a  retrospective  study  of  41  consecutively  treated  metastatic  HRPC 
patients  initiating  systemic  chemotherapy  at  the  University  of  California,  San  Francisco. 
All  patients  had  peripheral  blood  collections  prior  to  the  initiation  of  systemic  cytotoxic 
chemotherapy  with  a  taxane-based  regimen.  Descriptive  statistics  were  utilized  to 
characterize  the  entire  patient  sample.  Comparisons  of  subsets  were  carried  out  using 
Fisher’s  exact  test  for  categorical  variables,  analysis  of  variance  methods  for  continuous 
variables  and  the  non-parametric  Mann-Whitney  test  to  compare  distributions.  The 
association  between  continuous  variables  was  estimated  by  the  Spearman  rank  correlation 
coefficient.  The  Kaplan-Meier  product  limit  method  was  used  to  estimate  the  probability 
of  survival  with  the  log  rank  test  performed  to  compare  distributions  of  subsets.  Survival 
was  measured  from  the  start  of  chemotherapy  until  either  death  or  date  of  last  contact. 
Forty-nine  percent  of  patients  had  between  0.1  and  5.0  CTC’s/mL,  24%  of  patients 
between  >5  -  15  CTC’s/mL,  15%  of  patients  between  >15  -  30  CTC’s/mL,  and  only  2% 
of  patients  were  found  to  have  more  than  30  CTC’s/mL.  The  overall  median  (1.8 
CTC’s/mL)  was  used  to  dichotomize  the  patient  sample.  HRPC  patients  with  <1.8 
CTC’s/mL  had  a  significantly  longer  survival  than  those  with  higher  counts  of  CTC ’s/ml 
{p  =  0.02)  (Ligure).  The  median  survival  of  patients  with  metastatic  HRPC  with  >1.8 
CEC’s/mL  was  13  months.  Median  OS  for  patients  with  <1.8  CTC’s/mL  has  not  been 
reached.  After  a  median  follow-up  of  approximately  15  months,  due  to  the  number  of 
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early  deaths,  the  median  survival  for  the  entire  cohort  is  18.4  months.  Nineteen  of  the  41 
patients  enrolled  in  the  study  have  died.  All  deaths  occurred  within  20  months  of 
diagnosis  and  10  patients  survived  beyond  that  time  point  up  to  65  months  from 
diagnosis.  We  have  demonstrated  that  the  quantification  of  CTC’s  in  patients  with  HRPC 
can  be  used  as  a  prognostic  tool  to  predict  outcome  in  this  cohort  of  patients.  Higher 
number  of  CTC’s/mL  appears  to  correlate  with  shorter  survival  in  patients  with 
metastatic  disease.  Our  findings,  combined  with  the  results  from  other  groups,  suggest 
that  CTC’s  may  have  relevance  and  can  be  used  to  predict  outcome  in  patients  with 
HRPC. 

Figure. 
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Vertical  axis  indicates  proportion  of  patients  alive  after  the  start  of  first-line  chemotherapy  according  to 
CTC  number/mL.  Patients  with  <1.8  cells/mL  have  improved  survival  compared  with  patients  who  have 
greater  numbers  of  CTC’s. 

In  addition  to  the  work  described  above,  Dr.  Rosenberg  has  been  collaborating  with  Dr. 
Lydia  Sohn,  of  the  University  of  California,  Berkeley,  who  is  developing  a  new  approach 
to  flow  cytometry,  termed  “Nanocytometry”.  Nanocytometry  will  be  applied  to 
circulating  prostate  tumor  cells  and  be  used  in  the  future  as  a  novel  way  to  isolate  the 
cells  if  the  technology  is  validated.  This  novel  technology  employs  an  artificial  pore,  an 
integrated  microfluidic  chip,  and  nano-based  electronics,  which  together  she  will  adapt  to 
sort  cancer  cells  based  on  their  cell-surface  markers.  The  artificial  pore  and  its  associated 
nano-  or  molecular- sensing  techniques  will  allow  significant  improvements  over 
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conventional  FACS,  because  the  system  permits:  1)  electronic  detection,  allowing 
compaction,  ease  of  use,  and  low  cost;  2)  unmanipulated  (e.g.  label-free)  cells  to  be 
passed  directly  through  the  device,  as  the  detection  label  is  incorporated  directly  into  the 
device  itself;  3)  a  virtually  limitless  number  of  simultaneous  detections  of  cell  surface 
markers  (in  contrast  to  FACS  which  is  often  limited  in  the  number  of  simultaneous 
labels);  4)  small  sample  volumes  (microliters  or  less),  with  the  capacity  to  run 
continuously,  thereby  allowing  the  analysis  of  milliliter  volumes  of  sample  at  a  time;  5) 
cell  separations  using  very  few  cells,  and  thus  improved  sensitivity;  6)  little  physical 
stress  on  the  cells  during  interrogation  and  isolation;  and  7)  the  opportunity  for  cell 
propagation  after  cell  separation  (Table).  Additionally,  these  advantages  hold  true  when 
comparing  the  Nanocytometer  to  magnetic  bead/column  selection,  which  is  used  most 
often  for  cell  separations  based  on  a  single  parameter.  Dr.  Sohn  envisions  constructing 
the  Nanocytometer  with  numerous  pores  in  parallel  in  order  to  achieve  a  rate  of  cell 
separation  comparable  to  that  of  FACS  (Table).  Because  of  the  use  of  unmanipulated 
cells  and  the  slower  flow  speed,  cells  that  are  separated  by  the  Nanocytometer  pass 
through  the  device  virtually  without  damage.  The  isolation  of  unmanipulated, 
nondamaged  cells  increases  the  number  of  potential  applications  of  the  recovered  cells 
including  further  propagation  for  additional  analysis. 


NanoCytometer 

Conventional  LACS 

•Electronic  detection  and  therefore 

•Optical  detection  and  therefore  large, 

compact,  easy  to  use,  and  inexpensive 

complex,  and  costly 

•Cells  are  label-free 

•Cells  require  fluorescent  labeling  or 
immunostaining 

•Limitless  number  of  simultaneous 

•Limited  in  the  number  of  simultaneous 

interrogation  of  cell 

labels 

•Small  sample  volumes  (pih  or  less),  with 
the  capacity 

•Large  sample  volumes  (mL  or  more) 

to  run  continuously 

•Large  populations  of  cells  are  needed  for 

•Separations  using  very  few  cells  & 
improved  sensitivity 

cell  separations 

•Little  physical  stress  on  cells  during 

•Large  physical  stress  imparted  on  cells 

interrogation  and  isolation 

due  to  sheer  flow 

•Analyzes  hundreds  of  cells/sec,  and  with 
N  x  N  arrays  of  pores,  thousands  of 
cells/sec 

•Analyzes  thousands  of  cells/sec 

Nanotechnology  brings  significant  potential  advantages  over  current  technologies  in 
terms  of  being  able  to  perform  manipulations  of  cells  using  very  small  volumes  and  very 
small  numbers  of  cells.  By  developing  a  more  sensitive  technique  to  perform  cell 
separations,  Nanocytometry  could  provide  an  important  new  technology  applicable  to 
cancer.  Ultimately,  Nanocytometry  could  increase  physicians'  ability  to  detect  minimal 
residual  disease  and  remission  states  and  could  improve  upon  scientists'  ability  to  study 
cell  populations  that  occur  in  very  small  numbers  (e.g.  rare  circulating  malignant  cells 
and  endothelial  cells  from  patients  with  solid  tumors). 
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The  basis  of  Dr.  Chen’s  proposed  Nanocytometer  is  an  on-chip  artificial  pore  that  is 
integrated  with  microfluidics  and  employs  nanoelectronic-sensing  techniques.  She  has 
recently  demonstrated  the  ability  to  fabricate  such  a  pore  and  in  addition,  has 
demonstrated  that  this  pore  is  effective  in  molecular  sensing  on  length  scales  from 
micrometers  to  nanometers  to  single  molecules.  The  on-chip  artificial  pore  is  based  on 
the  resistive-pulse  technique  of  particle  sizing:  a  particle  passing  through  a  pore  displaces 
conducting  fluid,  which  causes  a  transient  increase,  or  pulse,  in  the  pore’s  electrical 
resistance,  that,  in  turn,  is  measured  as  a  decrease  in  current.  This  technique  has  been 
used  in  the  past  to  measure  the  size  and  concentration  of  a  variety  of  particles,  such  as 
cells,  viruses,  and  colloids.  Because  the  magnitude  of  the  pulse  is  directly  related  to  the 
diameter  of  the  particle  that  produced  it,  Dr.  Sohn  has  used  the  resistive-pulse  technique 
and  her  artificial  pore  to  detect  the  nanometer  increase  in  diameter  of  a  submicron  latex 
colloid  upon  binding  to  an  unlabeled  specific  antibody.  This  success  has  permitted  her  to 
perform  two  important  types  of  immunoassays:  an  inhibition  assay  and  a  sandwich 
assay.  In  addition,  she  has  successfully  used  her  on-chip  artificial  pore  to  sense  single 
molecules  of  unlabeled  lambda  (1)  phage  DNA. 

Dr.  Chen  envisions  producing  a  fully-integrated,  high-throughput  device  that  could  be 
immediately  clinically  applicable,  consisting  of  parallel  N  x  N  arrays  of  Nanocytometers 
that  can  perform  sensitive  cell  separations  simultaneously.  This  high-throughput  device 
will  be  used  in  an  exploratory  fashion  to  isolate  circulating  HRPC  cells  for  CTC  analysis. 

Tasks  3, 4, 5, 6 

Analyze  and  compare  gene  signatures  of  circulating  tumor  cells  to  biomarkers  previously 
identified,  identify  markers  of  chemotherapy  resistance  and  response  in  CTC’ s  in  HRPC. 
These  tasks  will  be  carried  out  once  adequate  numbers  of  samples  have  been  collected 
and  subjected  to  aCGH.  Dr.  Paris  has  identified  a  set  of  DNA  based  biomarkers  as  part  of 
the  UCSF  prostate  SPORE  program  that  associate  with  aggressive  disease.(l)  The  work 
will  evaluate  the  prognostic  capacity  of  these  markers  using  CTC  DNA  from  patients 
with  advanced  prostate  cancer,  as  well  as  looking  for  markers  of  chemotherapy  resistance 
in  comparing  aCGH  profiles  from  chemotherapy-naive  and  -refractory  patients.  In 
addition,  we  will  be  examining  the  differences  in  lymph  node-only  metastases,  bone-only 
metastases,  and  mixed  metastases  in  HRPC. 

Task  7 

Due  to  increased  clinical  responsibilities  resulting  from  the  departure  of  a  faculty  member 
in  the  UCSF  Urologic  Oncology  group,  Dr.  Rosenberg  was  not  able  to  enroll  in  the 
ATCR  coursework  during  year  1.  However,  he  plans  to  begin  to  take  coursework  in  year 
2,  as  a  new  faculty  member  has  been  hired  to  lighten  the  clinical  load.  Coursework  that  is 
being  considered  includes: 

Introduction  to  Statistical  Analysis  (S.  Glantz,  Director ) 

Instruction  in  descriptive  statistics;  techniques  for  testing  hypotheses  (ANOVA,  t-tests, 
linear  regression,  non-parametric  methods);  and  sampling. 

Introduction  to  Statistical  Computing  in  Clinical  Research  (M.  Pletcher,  Director ) 
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Instruction  in  use  of  computer  software  for  managing  and  analyzing  clinical  research 
data;  roles  of  spreadsheet  and  relational  database  programs;  use  of  STATA  for 
managing,  cleaning,  describing,  and  analyzing  data. 

Biostatistical  Methods  for  Clinical  Research  II  (D.  Glidden,  Director ) 

Instruction  in  multiple  predictor  analyses  as  a  tool  for  control  of  confounding  and  for 
constructing  predictive  models.  Topics  will  include  linear  regression  and  logistic 
regression.  The  STATA  statistical  package  will  be  used  throughout. 

Systematic  Reviews  ( Meta-Analysis )  EPI 214  (D.  Grady,  Director ) 

Instruction  in  the  methods  of  systematic  and  unbiased  identification  of  primary 
research  studies;  abstraction  of  data;  determination  of  summary  estimates  and 
evaluation  of  heterogeneity. 

Publishing  and  Presenting  Clinical  Research  EPI  212  (S.  Hulley,  Director ) 

Instruction  in  preparing  abstracts,  posters,  all  aspects  of  manuscripts,  and  oral 

presentations;  instruction  in  oral  presentations  includes  videotaping  and  critique  of 
trainees’  presentations. 

Biostatistical  Methods  for  Clinical  Research  III  BIOSTAT  209  (D.  Glidden,  Director ) 

A  continuation  of  the  Winter  Quarter  course  in  multivariable  statistical  analysis  that 
includes  instruction  in  survival  analysis  and  analysis  of  repeated  measures  and 
clustered  data.  The  course  culminates  with  student  presentations  of  statistical  analyses 
of  their  own  research  projects. 

Grant  Writing  Workshop  (E.  Holly  and  T.  Mitchell) 

Instruction  in  grant  writing  principles,  with  specific  guidelines  for  preparing  successful 
grant  applications  using  PHS  398  forms,  will  be  presented  with  emphasis  on  federal 
guidelines  and  regulations  for  research  with  human  study  participants. 

Outcomes  Research  EPI  211  (A.  Bindman,  Director) 

Instruction  in  types  of  questions  that  can  be  addressed  with  large  administrative  and 
clinical  databases;  gaining  access  to  these  databases;  determining  validity  of 
information;  risk  adjustment;  linking  datasets;  and  building  registries. 

Dr.  Rosenberg  has  met  weekly  with  Dr.  Eric  Small  as  part  of  the  mentoring  plan.  In 

addition  he  has  met  regularly  with  Dr.  Paris  regarding  the  genomic  analysis. 
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Key  Research  Accomplishments: 

Identification  of  CTC’s  as  predictive  of  survival  in  chemotherapy-naive 
patients  with  HRPC  treated  with  taxane-based  chemotherapy 

Reportable  Outcomes: 

“Evaluation  and  Significance  of  Circulating  Epithelial  Cells  in  Hormone 
Refractory  Prostate  Cancer  Patients” 

'Jorge  A.  Garcia, 2  Jonathan  E.  Rosenberg, 1  Vivian  Weinberg,  1  Janet  Scott, 
1  Mark  Frohlich, 1  John  Park, 1  and  Eric  J.  Small 1,3 
From  the  Departments  of  Medicine,1  University  of  California,  San 
Francisco,  UCSF  Comprehensive  Cancer  Center  Biostatistics  Core, 2 
Department  of  Urology, 3  UCSF  Comprehensive  Cancer  Center.  Submitted 
January  2006. 


Conclusions: 

New  collaborators  have  been  identified  to  conduct  the  genetic  analyses  of  CTC’s  in 
patients  with  HRPC  and  specimen  collection  has  begun.  In  addition,  enumeration  of 
CTC’s  in  patients  with  chemotherapy-naive  HRPC  has  been  shown  to  be  predictive  of 
survival,  with  lower  numbers  of  CTC’s  predicting  longer  survival.  These  results  require 
validation  in  larger  datasets  and  prospective  studies.  The  educational  program  of  this 
grant  is  ongoing,  as  the  grantee  meets  with  his  mentor  weekly  and  will  begin  the 
coursework  outlined  above  in  the  coming  months. 
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